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TITLE: COCATIMNG COF SELF=CATALYTIC NIZKEL T ALULMINUM
ALLQYS,

'‘The sslf-catalytic deposition of nickel has been since
some years ago an important objetive for many investigators,
fully justified by itself due to the peculiar characteristics
of the chemical process and to ths technical applications

derived from it.

In 1346, A, wurtz was atle to verify that the zqueous
solutions of nickel hypophosphite undergo a partial recduction

-

when they are submitted to te~paratures of atout 17722,

Afterwards, P Srasteau, in 1911, was abla to demonsirzte

abundant in this subject and it can be said that at the presant
time its study still continues %5 arouse inieresi, 2 grsat
nunber of reducing agents have been studied and *that soma

rocessas are protectad -y natants in different countries.,
jo!

The Laboratorias of this Section have not remained indif-
fareant to the problam and, conscious of its intarest, they
have developed a process for the self-catalytic Zezositicn of
nickel on different metallic substrates and very aspecially

on aluminum and its alloys.

A dstailad study of thae chenisizy aof the raduction process
of nickel by means of hypophosphoraus ions in aqueus shclutians
has gnablad us t3 confirm +the fact that 4the solutions have

metasztacla character and are nhighly sensitive as far as they
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ars concsrned io sone substancas the presencs of which misht

inhibit the rsaction. 1I% is janerally accapted that in the
nickesl reduction sy Jeans of hypaphosphite icns tha following

reactions take place fundamentally:

o " -~ g™ . . - -
iU @ POy e 0 — N e POgH » 2t (1)
PO,H,  H,0 —) 933:45 + H, (11)

being necessary, likswisa, ‘o admit other secondary reactions

by means of which the hypophosphite ion is reduced to phaspho=-
rus since the reduced nickel contains it in variable nroportions

according to work conditions.

The reaction Lshows that there is a liberatian of arotons
the concentration of which may reach such a valua +that could
hinde= the reduction of the Mi%* ions. It will be necessary,
in any case, a convenient ruffer action to maintain the pH
values within tha adajuz:s l1imits for an extended utilization
of. the solutions, The reactions I and II show that the
reduction of the Hi*™™ iagns and the dehydrogenztion o %ine
hyasapihcspihite ions convesy to the formation of phosphite iens
which limit considerably the use of the solutions since nickel
phosphite is precisely insolubls at the more acceptable pH
valuas of ths process, The nickel phosphite procuced in the
rsaction may form crystallization nuclei which besides prod-
ucing defective deposits could causs ths spontansous dscone
position of the sclution, A conveniently formulated solution
should contain, besides the nickel selts as sourcs of nickel
ions, complex forming agsnts capable of hindering the faormation
of basic nicksl salts, a buffer system capabls of maintaining
the pH in optinum conditions curing long work psziads and
capable likewise of maintaining in solution the nickel phos-
phite procduced in the zesaction, the presence of which is

undesirebls for the above —enticned rsasons anc which compals
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: to a frequent if not continued filtration of ths solutions

which may create a serious problasnwhan thke phosphite does not

resach the crystalline form.

¥ Taking into consicerastion all that has previously been

explained, as far as the rsaction mgchanism is concerned, as

salf-catalytic nickel deposits, our program is £learly dif=
} ferentiated as far as-its objectivssi)

_,«-'/

1 - Formulation of the solutions capable of yielding self-
catalytic nickel ceposits on different metallic substrstes.

This requires in its turn; r~> — 7

a) Selaciion of the nickel salts, porta:tle of nickel ions,

with the necessary purity to guarantee the efficisncy

: of the process as wall in the initial nreparation of
the solutions as in its replacement in the neaded
amounts to maintain the Ni%" ions concentration at the

} adaquats levals.

b) Selection of thes complex farming asents, compatibla
with the nickel salt and the hypophosphiie ion usad

) - as raducing azent, which will hinder the formation of

bagic salts as well as nickel phosphite and maintain

the daposition -ate within acceptable limits. Th=2

assgciation of thess components shoulc havs likewisas,
the sufficient Huffer capacity to maintain the pH
value within such linits that the rsaciion will not

be sensibly affasctsd.

c) Sslsction of stadilization system acsquatsd to the
composition of +hs solutions and the consumption rats
of which migh* 53 sxactly zonirollac, Ths stabilization{
should not sansibly affsct the deposition rsate and its

yi.ldo
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d) Selection of the necsssary acditivas to raduce the
! | porosity of the deposits or afford other propsrties
and the presenca af which in no cass should sensibly

\ either affsct the daposition rata or the yield,

:l l

2 - Selsction of the surfaces conditioning process according
to the proper characteristics of tha base metal. The

metallic surfaces conditioning is in any case a factor of

‘ f" prinmary importancs in order to insure a successful protec-

! f. tion. In the case of thez self-catalytic nickel dapositions

| the said surfaces conditioning r=achss its highest require-
i ments being, probably the aluminum and its =2lloys, the

" _,' . metal which presents the major problems and to which, in

our work program, it has been davotad a special attentiopv
S

8 II ~ EXPERIMENTAL PIRT
1l - FIRMULATION

The products used in thg\diffarent solutions forwulation
. : for ou- experiments have been of the highest purity and

its relatian is the following:

ticksl carbanata; - Cﬁaﬂi ZNi(jH)2 o« 4H.3

(X8 ]

8K | Nickal sulfate; = SO i o THO
;d . 2
"Qg "‘ Nickel hyponhosphite; - (PCZHZ): Hi.SHED
9 2_';1 o . > -~ ~
ff,v. | Citric acid; = ;5H3u7.H20
¥ . ; i id: = O
‘d : Glycolic acid; _2H403
= 5‘ Hypophosphorous =2cid; - FC,H, (5C5 in weigih; specific

graviity = 1.23)
Di=-isopropanocl=zcnine; = “.'6.‘415:.‘;,~

Ammoniumn hydraxide; = HH4CH

The nickal sul®ats has bsen used only in thoss tests carried

[
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aut to study t-e influance of ths Yi® :4544 =3n-entration
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for a constant PUZH; ions concentration.

The hypophosphorosus acid has baen use? in those tasts ca-riad

sut %o study thz influenca af the P"_4] isns =oncantration far
R T . -
a zanstant Ni ~9ns >2ncantration,

2 2 Z
s s s = . .
tha joint replacsment of vi** zand P2,54, isns hzs besn raquired.

The nickel hypophosphite, (PO H,) Mi.6H.0 has besn usad whan
z
In aur work, fi~ally, two solu*ions have be=zn sszlected, the
somposition 2nd operating characteristics of which will be
exposed further on, its performance has baen faund satisfaciory,
3s concarning dasosits quality, deposition rate and stability,
exempt from sulfates and the replacement 27 which has only
cequired th2 addition of nickal hypophosphite, hypophosphorous
acid and a correct adjustment of the pH by means of ammonium

hydroxidse.

The preparation of the base soluitions for our experiments

includes the following phases:
- Dilution of the acid (citric or glycolic) in distilled water.

- Nickel carbonate addition in small portions with constant

stirring until complete dilution,

- Addition of a 3C% solution of di-isopropanol-anine.
- Filtration over whatmen paper n? 42,
- Hypophosphorous acid adcdition.

- Addition of ammonium hydroxide un%il obtaining the working

PH.

- Cilution with cdistilled water up <n expected final volune.




The amounts of sach component, thes relation of which
has been 2xposad, have baen in svery case ths nscessary
ones to reach the axpectac concentrations in our sxperi-

ments,

2 - PANELS

The variables of the deposition process (components
concentration, tempersture, pH, stirring, etc.), until
.obtaining the setting up of the proper solutions, have
ceen studied amploying laminated in cold F=l11ll steal
panels. ©GLnce the most satisfactory formulations wers
obtained, the process has been carried out on coppsr,

aluminum and L-3140 alloy panels,
2.1, Steel panels conditioning.

In all osur tests the stsel panels wers submittad
to a cleaning treatment in trichlorocethylene
chamber followed by an alkaline fat ra=moval procass

through iamersion in a solution with the following

*

composition:

g
: ﬁ‘
|

Sedium hydroxida eveecrsnsssses 2SQM/10

gy

Toisadium phosphate eecesesess 40gn/l.

P g

Jeing the working temperature in the range 35....

e,

9C2C during 15 +.. 2° min. with strong stirring.
The pansls were subsequently rinsed with tap water
first and then with distilled watsr, aftsrwards

thay wey wsre subjsctad to an activation process
by imnarsion at room temperaturs in a solution

with the following compositien:

Perchloric acid seecessoceseses 230 (by voluns)
Fluezhidzric 8Cid cesscssncvsces 5£ (by " )

duzing 4 +4e¢ 3 minutas, Afiar bLming rinssd wit
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tap and distilled water the pansls wera introducad

in the self-catalytic nickel solution,

Cther steel surfaces conditioning methods hava been
¢ in our Laboratoriss anc likawise with satis-
gctrolytic pickling in
cic solutions and the imma2rsion in concen-
furic acid are among them, precedec in any
cases, 2y tne above mentionad cleaning proczss. 2
do not object its utilization but we must emphasize
the fact that the seli-catalytic nickel deposition,
being specially indicated on parts with complicated
confarmation, could sa conditioned by a canditioning

of the surfaces af doubiful 2fficiency in this respect,.
Copper panels cancitioning.

In all our tests the electrolytic copper panels were

subjected to a fat removal process in trichloroethy-

lene chamber followed by a2 chemical polishing through
inmmerssion in a solution with the fellowing composi-

tion:

“are

‘itriz acid (sSp.egTe =led42)ceceess 2CH(bDy volume!.

Frapionic ACLE ceevevsacsccsencse 25%( " " )u

at 50.005832C during 2...4 2ine. The panels wese
rinsed with %tap waiter and afterwards with distilled
watar and introduced in ithe self=-catalytic nickel

scluticon,

J<her chaaical polishing processas such as the
inmersion in sulfuric zecid/sci:zssium dichromats
so_utizsns have teen used in our laboratorizs wvith

agually satisfactoary resulzs,
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Aluminur ==

v

[

3140 alloy penels concitioning.,

The sequences which constitute the aluminum anc L-314C

alloy surfaces

toriss
- fat

- Inmersion in an alkaline soluticn

compesition:

are the

remgoval

conditioning followed in thesa Latorz-

follaowing:

in trichloroethyliene zhamber,

Anhydrous Socium Carbanate .

Sodium hycroxide ceceevsscee

Triethanolamine (TZA)

Sodium nitrite

- Rinsing with tap water followed by rinsing

-~

cistillecd water.

- Immersion

3 minutes at

-~ Rinsing with

in

tap water

destilled water,

-~ I=nm

ersian

in a zincate

compcsition:

Triethanolamine (TZA)

oOxic

erature,

fallowed

salution

riethylene tetramine (TITA)

3edium hydroxide ecsesccsane
nc ® 0 0060 8 900 00 50 s oo

® ¢ 60085 0680000080000

o ]
(6]
N
ct
T
[+]
1]
l .
D
(2]
[$]
X
".
(¢
o

ese3C2C Curing 3...Z minutes.

with the

1:1 (by volune)

5C

20

,
g L
12 gn/1.

lawing

b
[ aad

o

~

C gm/l.

with

by rinsing with

with the following

L IR I 4

® e 000

¢ o000

is slow and requires

T R AR 2



2.3.1

a8 strong stirring at room temperature.

The zincatz was carriad out at 35...3C2C during E

3E.QUSC SeC.,

Rinsing with tap water followecd by a careful rinsing

with distilled water. 1
Imme=zsion in the self-catalytic nickel salution.

Commentaries:

The concitioning of the aluminum and L=314C alloy
panels followecd in our Laboratories present peculiaritisf
as a consaguencs of the specific characteristics of

the base metal which we consider convenien® to =z-rment.

The treat-nen% in the alkaline solution, the composition

achesive and, in any case, 2asily soluble in 1l:1 nitric

acid solution.

The lcss of material is minimal and the stats of the
surfaces is complately satisfactory to receive the

following zincate treatnent.

The zincate process cevelapec in our laboratporiss
nresents remarkable differences in contrast to :ha2
conventional masthod known as "double zincate"., The
sclution usad in our process contains a high zine
cencantration due to the przsence of TCTA and TEA which
at tha same time pravents,*o a certain degrsa, the

arecipisation of thz aluminum hydroxide eveniually
-4

(V]
[} ]

med, 32ing easily sliminatad by filtration if its |

3
3}
(]

3

(]

nce takas place as a consaquencs of the long.

cC

s2 27 +he solution,
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Tha sccium hydroxide conceantration is considerably lower
than the aone of the conventianal salutions and the risk
of carbcnatation is therefore ciminished so that “he use<ul

life of the solution is appreciably longer,

Cur experiments have shown that “he replacement of the
spent zinc may be done with periscdiczl additions of =

soclution with the fellowing conposition:

Trigthylane Tetramine (TETA) Cececsccoos 3CS -'ﬂil.
Triethanolamine (TEA) Se0csv0sss0s00snne 159 mil,
Zinc oxide €8 000000000000 000000000000 ee as gme

y"ia*her LI O B BN B B B BB B N B BN BN N B R RN B A Y SN I B R RN N R ) Up tollitEro

3eing necessary to carry out the srevigus analytical
determination of the Zn** o maintain in at +thes concentration
alreacdy indicated in the process stages,de%srmination which,
on the other hand, daes not present major difficuliias

following the convantional analytical methods.

Sur experiments have likewise canonstrated that i+t is
sufficient only cne immersion in %he zincate solution 4o
obtain satisfactory deposits with which the "couble zincasa’

.F

.
actorily

is eliminated, the mechanisn af which is not satis

explzined.

The zinc daposits obtained =y ismersion in the sclution,

4

the forwulation and working eonditions of which we incdicated, |

nresant a great adhesion in ccnirast with the achesiva tape

and its porgsity is ingpmeiablein contrast to the immezsion

test in bo0iling water during 1 hour.

‘/m must empesize the fact that the zincate p-ocass
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followeZ in our lahoratories for the aluminum and L-3147
alloy ranels conditioning coes not exclude the passibility

of using the "doubla zincata" process for the dannsition

3f the self-catalytic nickel by means of tha process davel-
oped likewisa in thase La“aratoriess. 4t the sama <ine we
consider i.apartant to point ou® that the zincate process

carriad aout in our Laboratoria2s is apt +to recaive s:1f-

catalytic nickel capgsits zoming from commercial firms as

our experience has demonstratad,

In table I <hz2 rasults obtainzd in a series of tests csrried
gut on 2luninum and L=314C alloy are shown, whers the
following da%ta are coansiderecd: the material loss, tha
waight oFf <he zinc deposit anc its thickness with regard
to the immersion time. In all the cases the working
temparature has baan of 35... 30! I an pansls with 1 dm

and in 2 solution voluma of 1 liter,

TABLE I
Panel Tine Weight loss laposited In Thicknesa
vming) (3m) (gr)
Aluminum 1 De3723 D520 £.23
Aluminum 2 2.01% ZW.38C Z.70
Aluninum 2 £.92% Z.169 3.34
L-3140 1 0,308 0.020 C.29
L=3143 [ 2 0,010 CeiC47 Q.56
_
L=314C 3 Ze22C O.C63 £.51

I+t can s ssen that tns naterial loss is ninimum and that the
rgars 10 substantial diffezencss Hstween the aluninum and
the L=2140 aliay; i% can 32 n-sarved likeswiss that the




zinc deposit increases with the immersion time. This
characteristic is very impor<ant since although the zinc
deposits are equally uniform, adhesive and free of pores,
incepencently of their thickness, the self-catalytic nickel
ceposits ars cefective when ths zinc deposit is high; which
compels to work with small ‘hickness deposits, tines of A
3C...5C seconds of immarsion in the zincate solution being
sufficient. The interpr=tation we give to this fact is

the following: The zinc laysr protects the aluminum and
its alloys from their oxiZation in the presence of air

but the self-caztalytic nickel deposition does not taks
place on the zinc layer since it is dissolved when intro-
duced in the nickel ssclution on working conditions. It is
then necessary for the zinc layer to have the sufficient
thickness {0 hincer the aluminum oxidation and at the same
time that the said thickness >= the minimum in order that
its cdilution in the nickel solution may rapidly take place
and the nickel deposition may take place on the aluminum
surface totally free of oxide., It is possible then that,
upon the initiation of the reaction a zinc codeposition
coulcd esventually take place Sut not a superposition of
layers, In all our tests we have otserved that ths
rsaction takes places inmediatsly and that in the first
minutes the nickel dsposit is black and acguires the proper

colaor of this metal during ths course of the resaction.

The immezsiaon in the self-catalytic nicksl solution shoulc

inmediately follow tha zincats of the panals., a want to
consicer also here as valid ths above mentionacd argumert
since in many tests carried sut, it has besn pointsd cut
that the zinc layers sxpossc to the air during long periccs
of tins pressnt a grsatsr chemical inertia to the nicksl

solution than the morse rscsntly obtained ones.

The :sine L .y2:2c cb+eined by means of the procsss ~s Savs
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cdascrited in 2.3 a3r2 light gresy, uniforw, achesive and
ni

non porous even with high thicknassas. ‘‘everthelsss, we

insist that tne immersion tinss should be between 27 and
8C seconds in orcar to obtain satisfactory nicksl ceposits

' 3 since the zinc layer is rapidly cissolvecd by the aickal

3.1 Jdorking conditions.~

#e describe below the conditions under which tha work has
s been carried out for the gbh4sinment 2 nickel deposits
starting from two solutions the composition of which are

indicated Tusther 2n.

- Tna 3ll our tests we have worzked with a 2 liter solution

i

? ccntained in high glass flasks anc the heating was

! nrocduced Sy elactric nlate.

;i § ' - Thes homogenization of the solutions during =211 the i

Ok treatment has been carriec ou® by magnetic stirzing,.
%;' ‘ : - The panals were suspenced Dy means of iron wire during
~§- tha treatment. In thasa concditions %the copper panels
o immadiately rsceive the nicksl as a consequences of the
'iﬂ ) potential differance sstablishad Ssiween both wstals in
"f; 0 contact.
;g,b - Plans reciangular panels wers usecd, of T.3 and l.C dmz

of surfacs,ths nature and conditioning of which hes

? . hesn zZa3scribed in 2, wi%h the puc-poss of avaluating the

g3~ ; effect 3f the Z/V zslation on %the ceposiiion.

Spacial attsntiay has =esn jaid %o a rijorous control k-

£
i S ' g
1 -

of the 24 and wosking terparature.

¢ .
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3.2 Composition ot thas solutions.
In our work, two typical solutions have teen used, the

composition of which is indicated below, and whigh

were formulatad as it was shown Za II.

Soluticn A

M1 eeeetencecncscoccncens 3.l gm/l {0.14 %),
31lycolic 3Cid sececcscesces 30,0 " (0.62 ¥).
| S ' Ji-isopropanol=aming ceeese 25,0 " 2.15 ),
Hypophosphorous acid eseeees 1G.0 " . (015 M)
Additive 1 veeveceoscscnses 15 Depems

,
e e e e~ =

Additive 2 veecece0sssosene DeS GMe

- a Ammonium hyd:oxide eescecee UNtil pH = 4.3,

Temp.= 35 eeee 9necC

>

n

Solution E

-,

L4

il

-‘:i” €0 0000000000000 000000 0 aol gm/l (C014 “)o

SlYCOliC 8Cid esevssscccone 4c.C " (0.53 ")o

rf“:‘ . Citric acid eeeeccscsscecses 15.0 " (:.C? :'.‘)-

A g e A

o Di-isopropanol=aming .eeees 20e7 " (C.15 M),
Hypophosphorous acid ceseee 135.0 " Z.13 M),

Additiva 1 FE XN R R NN NN N NN R NN J ls p.p.m.

o e v
o 3

—

Additive 2 ceececccsoveccee o3 gMme

”’ Ammenium HydrOXide e0veccoe until pH = 4,2,

o

'?‘ Tlmp. = 35 .ees J220

i

a

lg .
!




3.3 Gbtainment of deposits,

The composition of the solutions which we hava ; |
...

indicatad constitutas +ii2 stazting zase for our “

& tests and with which completely satisfactory ra2sul<s

Nave beaen obtained. Th2 deposition rate, in Soth

' ; l solutions, does not si~ow significant differences
| = £15...20 microns/hrd anc the aspect of the deposiis
e ¢ do not show significant diffarences aithar., In

g ‘ ; soth solutions the yield (consumption of FGZH;/gm ‘
of deposited nickel) renains within the same limitis |

{345 vee 4.5) !

A The solutions a-e stable and the ceposition rate

- kK
af use with the adeguate raplacement of Ti': PCZH;

3 |t ' 2 i

1
|
{
g i : s
ﬁ i k2873 within aczeptable values during long periods
1

and additive 1 %¢5 maintain the concentration of these
at its initial valu=, In our sxperiments we have

k been able to confirm that such deposition rate is

-] ‘t reduced ta 3 ..,LlT mizrons/hr. when there wers
alrsady deposited 153 ... 2C gm af nickel per liter

Py

af sclution.

| S At no time, during ithe use of the solutions until !
o , . ths aovs mentionsd nickel deposition was rsached,
the nicksl phosphite farmation could ba estinatec
and the slight diminution of the pH, in svery test, ]
. has demonsitratad that t1e solutions are well sutfered
e and the complex forming agents ars highly efficisnt
to hindsr the prscipitation of basic salts and of i

3K Y

- - i g s o i eaatiiead
TN SRAT L ey e L,

phosphite, : %

In some tests the desposition of nstallic nicksl
has besn verifiad, fizmly achered on tis botiam of

the flask p-scissly in the zons whers %hs megnetic
stirrer has caused an abrasian of the 3lass and

*
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whera a superhsating of the solutioan must occur.

This circumsiance nay -s avoided smplcoying
anaothar hzating and stirring method.

The sventual pressnce of undesirable procucts {a=genic
“attar, dust, etc.) may be sliminatsd >y means of
treatment with activs carbon Followsd with fil<ratian
throusn Jhatmen paper n? 42, This treatment requires
the replacement of additives 1 and 2 sinca they are,

likewise, sliminatsd by the active carbzn,.

The sclu%*ions have mnaintained thsmselves transparent
and with an intenses jrsen colo:r throug-ou: the utilization

tine,

The rasaction takss placa immediately oaon the panels
mace with the materials and suc-face conditioning indi-
catad in 2 using the sugpsansion systan indicated in
3.1,

\
In the zincated aluminum panels the rsaction takes
placzs, likswise, immeciately upon being introduced in
the salutian with the conssquent nicksl Zapasition
that in the first minutes has a black ecnlor acquiring
afterwards the proper color of this me%tal, Thae interprs
tation given to this fact is that there is na nickel
deposition on the zinc layer but a dilution of ths
latter with ths possibility of a decoposition which
takes placs in a short nperiod of tire, the normal
nicksl dsposition %aking place afterwards, This aspect
of the process has Se=n al-sady indicated :in 2,3.l1.
With She2 s2lultisns smployed in our tests, the compo-
gition of which is indicstsd in 3.2, the influence of
tas tempsratucze ang of 4hae working pi! does nct present
wosth mentioning ciffersnces as compared with other
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arn:esses alsa tastaz In sur Laboratorias., Thz2 deposition
rate increases with the temperature anc *he p4H., MNever-
thaeless, our esxperianca racommands to work at temparatures
97 353 ... 9C2C ancd piH values of 4.3 ... 3.5, Althaugh
higher temperatures increass thae Za2position -ate, they

20, on t-e other kand, z2ugment the risk of cecomposition
and may considerably diminish the yield. The solutions
ara likawisz =2s332ntially more unstable a3t higher pH than
the ones incicated and below thz inTariox 3¥ linit the

deposition rata s2nsinly decreasas zlso “ith an =gqu=lly

diminution of the yield,.

Tha S/V relation is of utmost importance in a gresat many
number of chemical conversion processas, 2laciro-depo-
sition, eitc. but, protanly, the self-catalytic deposition
is the nost axigent ia this aspect. 0Our experiments have
danonstratad thai the lower this relation is, the higher

is the gquality of tha nickal deposits.

de have congiderec as mnost satisfactory a maximum relation
of 2.3 dmz/l. In these conditions, an uncalanced relation
of compconents is not produced and the 2uffer capacity of
the solutions makes it possible to work with the above

mentioned pH values,=2ven with a long cdepnosition,

With the solutions tastad by us ard in the conditions

we have prasviously indicatad, nickel thickhassas of ~ore
+han 103 mierons hava Ssan cotained, without intsrzuption
and without any nors care than the proper replacenment of
%%, PO,H and Additive 1. In the tasts cazried out

in our Lahoratoriss we have 5sen able 4to confirm ths fact
that the nicksl laysrs require a rsactivatilion whsn ths
aracmess i2s 980 Lissz-uptad., In such a contingancy ths
igntioned rsastivation mey be obtained by immersion at
c00n temperaiurs, ia a 270 persilaric acid soluiion,

Aftar a sarsfil rinsing ihe n2nels 3hould e Lmediately
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introduced in the nickel solution, Jith this reactivation

the achesion between layers is complstsly satisfactory.

The deposition rate is notably influenced sy the 21 and

G o4
Puz.z
the values incicatec in our faormulations A and T have seen

concantrations present in the sclution; nevertheless,

-
-

found more convanient, Higher concentraticns of P“Z”Z
increass the ceposition rats but wiih tha consequent incre-
ment of the solutions instacility and a decrease of the
yisld. An increase of ihe :12** concentzation unbalances
the complex forming action of thea procducts present in the
solution and likewise the <Zininution of the mentionec
concentration which nakes consicerably decreasse the depo-
In table II the effect

NS . 4
Wl

sition rate as wall as the yield,
produced on the deposition rate by a variation cof the
concentration, Ffor =z cecnstant FC,H, concentration may be

- 4

estimated and in table III the effect produced, of the

same characteristic, in solutions in which the ﬂi" concen=
traticn was nezintained constant and vaziable the one cof
SoH5.
in which 10 gm/l., of nickel had al-eady been approximately

Thesa valuas are the ones obtainecd with solutioné‘

dsposited and in which, therefore,the FCaH: concentration

-

ig high; Thay are then representative values of the
deposition rate which may be obtaired with average lifs

solutions regzrzing the rscently formulatacd solutions

A and 3.
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TAZLE <l

Constant concentration of FC H; (7.2 z=/1.)

it Ze2position rats
am/1. (microns/hr.) !
1
{
12.C 15.C "
3.5 13.02
3.C ' 12.C
7.5 , 1C.C
7.0 3.3
5.5 7.C
6.0 t 500
H
3.5 : 3.3
]

TAZLZ 1III

Constant Ni'™" concentration (6.2 3m/1.)

PDZUE Deposition =ata
gm/L. {:nicrons/hr.)
7.4 7.0

6.7 5.7

5.1 ! 5.5

3.5 i 4.3

1.5 E 4.3

P
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ie consider that in our werk progr
indicatec in I-l anc I-Z have Sesn sa2tisfactorily reachad,

! -

rm2 solutions employec in Jur expsriments, the composition
c

: and working condi<tions ol which wa inci

e

; I1-3.2, show a grzat stability, great cuffer capacity and

e e e s

tions of Fﬁaﬁj ion originatad in the cdshyzZrage

Fa.

2112 ian, The nickel deposits are unifaorm and exemp* of
[

S e e e

pores 2ven with small thicknessss (10...13 microns) indepen=-
g - dently of the nature cf the base netzl used in our tesis. The
cwjhtness of the <deposits increases with the thickness and
this may resach gr-sat vv2lues providad the convenient component
1 replacements are carried out.
We must insist in the fact that the su=face conditioning
! _ ig of vital impoerftancs2 in a successful Zeposition. As far
as the aluminum surfaces conditioning 1s concerned, the
. sequences af which have sSeen incicatec in II-2.3,we zoansider
that the process carriac out in our Lakoraiories allow to
abtain surfaces in proper conditions to racaiva sa2lf-catalytic

g nickel., 'With regazd *to this, we insist in our criterion +hat

the zinc layar is dissolved in a short periosd of ti-e upon

- - introducing the panels in the nickel solution and that the
nick2l depositinan ocecurs diractly on the base natal and not
X 4 ov2r the zinc layer which, in any case, should hzve the

' sufficient thickness to hinder the 2luminum oxidstion and =t

the same time ghould -e as small as possible to allow its

! : rapid Zilution. The fact that the zincata process studiad

| in gur Laboratorias nay allow the selfecatalytic nickel
depositian in solutions coming from well kaown commerciasl

-~ :

*irms confirm us its usefulness anc has allowed us :tn

e SR

agtaibbliszq the characiaristics which should have a zine ceposit

2ive layers of self-catalytic nickel (thickness, ache=-

c
sivaness 2nd 2om2aitui.

<
£
1 7 ¢ ; tn e




Thz prz2sancs of In i2ns din ths -ickel solution does not
seen to have significart 277z3% on the daposition rasts, laysrc
aspect,stability, etzc. At l=22st in the conczntratio ugec in
gur exparimenis; thils aspect of the process, regarzdins *he

i 4 sresance of other me2%allic ions, hes been sxpected in successive
i' YITKS.

42 mus® eaphasize thz2 Tact <hat The fsraulations used ay  us,

as far as their compositian a-e concesrned, 2rs ngt critical znd

-

B

allows a certain flaxibility regarcing the proportions of tie

"
L
P

3lycolic and citric acids. The formulations with lactic acid

t in conbination with the acids previously mentioned have been

triad in oqur Laboratecries and we hope, Zn Jur successive works,to

o £ o o, 9 AT T L P et n

- =3 atble to confirm gur criterion of obtaining compronisa
s rnulatinas which weul:s allow the asieinmemnt of da2posits with
; . ¢ isfactory charactaristics.
q !
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